We used mitochondrial DNA sequence variation of Sebastes from the southeastern Pacific and three localities in the South Atlantic to address long-standing systematic and evolutionary issues regarding the number of species in the Southern Hemisphere. Sequences of the hypervariable mitochondrial control region were obtained from 10 specimens of S. capensis from South Africa (n ‫؍‬ 5) and from Tristan da Cunha Island (n ‫؍‬ 5) and 27 of S. oculatus from Valparaiso, Chile (n ‫؍‬ 10), and the Falkland Islands (n ‫؍‬ 17). Results of the study include (1) significant levels of genetic differentiation among the sampled populations (⌽ ST 
The live-bearing genus Sebastes Cuvier 1829 is the most species-rich of the family Scorpaenidae, with close to 110 species worldwide ( Nelson 1994) . The species of Sebastes are also diverse ecologically, occupying a variety of ecological niches and habitats. Most species are found in the North Pacific, but some reside in the North Atlantic and others in the Southern Hemisphere (Chen 1971; De Buen 1960) . The distribution of Sebastes in the Southern Hemisphere has been considered one of the two most interesting zoogeographical anomalies among scorpaenid fishes ( Eschmeyer and Hureau 1971) . In this hemisphere, Sebastes ranges from the Pacific coast of Peru and Chile, east to the Falkland Islands off Argentina, to Tristan da Cunha Island, and to the southwestern tip of South Africa (Chen 1971; Eschmeyer 1969; Kong Urbina 1985) . This distribution is best explained by West Wind drift dispersal from the coasts of South America ( Eschmeyer 1969) .
Eleven nominal species have been described from the Southern Hemisphere, all referable to the subgenus Sebastomus (Chen 1971) . Sebastes capensis (Gmelin 1788) was first described from South Africa. The remaining species were described from Peru and Chile in the southeastern Pacific ( Kong Urbina 1985) . However, comparisons of color patterns as well as quantitative analyses of morphological characters (meristic and morphometric) have failed to reveal features allowing specific separation (Chen 1971; Kong Urbina 1985) . According to Chen (1971) , most putative systematic separations have been based on minor morphological differences that may be well within the limits of individual variation. Consequently, a single species, S. capensis, has been recognized in the Southern Hemisphere in the most recent taxonomic revisions (Chen 1971; Kong Urbina 1985) . The possible existence of more than one species of Sebastes in the Southern Hemisphere has never been totally discarded and there is a consensus that more work is needed on these forms (Chen 1971; Eschmeyer and Hureau 1971; Kendall 1991; Kong Urbina 1985) .
The taxonomic complexity of Sebastes is not constrained to the Southern Hemisphere forms. Problems are compounded by the sheer number of species, a high degree of congeneric sympatry, widely overlapping morphological characters, multiple sibling species, and the possibility of incomplete reproductive isolation and introgression (Chen 1971; Rocha-Olivares et al., 1999b; Seeb 1998) . Sibling or cryptic species are well known to occur and to be abundant in many groups of organisms A phylogenetic branching diagram obtained with the minimum evolution method is reproduced to illustrate the presence of three evolutionary lineages. The mapped distribution envelope of each lineage is indicated and coded with a different hatching. A single envelope represents the two sympatric oculatus clades, whereas three disjunct areas represent the capensis clade envelope. The pie-charts depict the haplotype composition of the sampling sites. Arrows point to the collection sites represented by most fish in each lineage.
(see Claridge et al. 1997 and references therein) . In Sebastes, sibling species have often been the center of taxonomic and nomenclature revisions. They usually differ by more or less subtle differences in coloration or frequently overlapping meristic characters and represent ''pseudosibling'' species as in Knowlton (1993) . Tortuous histories such as the one involving naming of the S. aleutianus species complex are not uncommon. In this case an electrophoretic study of proteins of a number of rockfish species ( Tsuyuki et al. 1968) showed unexplained hemoglobin variants of what was taken to be S. aleutianus. Subsequently ( Tsuyuki and Westrheim 1970) the problem was resolved when electrophoresis of muscle proteins allowed the recognition of a cryptic species morphologically distinguishable from S. aleutianus and S. melanostomus only by subtle characters. [The name proposed for that species, S. caeneamaticus, later proved to be a synonym of S. borealis Barsukov (Westrheim and Tsuyuki 1972) .] In a more straightforward case, S. simulator was not recognized as different from S. helvomaculatus until Chen (1971) was able to distinguish populations from the northern and southern portion of the supposed range of the latter species on the basis of overlapping but consistent characters. Recent genetic studies have provided further evidence that the two species are distinct (Rocha-Olivares et al. 1999b ). Thus the application of molecular tools can offer new insights into the evolution of such a large number of species, the degrees and patterns of genetic differentiation, and the mechanisms of speciation in these viviparous marine teleosts.
Using mitochondrial DNA (mtDNA) sequence variation, Rocha-Olivares et al. (1999b) determined that the genetic differentiation between a specimen from Chile and one from South Africa was of the same order of magnitude as that between some of the morphologically differentiated species of the subgenus Sebastomus. Based on that observation, the authors recommended resurrecting the name S. oculatus (Cuvier, 1833) for the Chilean population, thus recognizing at least two species of Sebastes in the Southern Hemisphere. In this article we extend the observations of that study by utilizing a larger number of specimens (n ϭ 37) and a more extensive geographic coverage (four sampling sites: Valparaiso, Chile; Falkland Islands; Tristan da Cunha; and South Africa). Using DNA sequences from the hypervariable control region, the existence of more than one evolutionary lineage of Sebastes in the Southern Hemisphere is confirmed from the gene genealogy of their mtDNA. We recognize three distinctive lineages as possible cryptic species, each dominating in different regions of the southeastern Pacific and the South Atlantic.
Materials and Methods

Sample Collection
Tissues were sampled from freshly caught fishes. Southeastern Pacific samples of S. oculatus were collected off Valparaiso, Chile, and from stations north of the Falkland Islands. Specimens of S. capensis were obtained as bycatch of lobster trapping operations at Tristan da Cunha and from fishing surveys off South Africa ( Figure 1) . Samples of muscle tissue were dissected, avoiding cross-contamination, fixed and stored in 95% ethanol or DMSO/ NaCl buffer, and shipped to the Genetics Laboratory of the Southwest Fisheries Science Center, La Jolla, California, where they were analyzed.
DNA Extraction, Amplification, and Sequencing
Total genomic DNA was extracted from 100-300 mg of finely chopped tissue, which was proteinase-K digested at 55ЊC in cetyltrimethylammonium bromide extraction buffer (Winnepenninckx et al. 1993) for 4 h to overnight. DNA was purified by extraction with phenol/chloroform/isoamyl alcohol (25:24:1), two or three times, followed by extractions with chloroform/ isoamyl alcohol (24:1), once or twice. Ethanol-precipitated DNA pellets were rinsed (70% ethanol, Ϫ20ЊC), air dried, and resuspended in TE buffer (Maniatis et al. 1982) .
PCR amplifications were performed as in Rocha-Olivares (1998) . Briefly, 50 ng of genomic DNA and 1 unit of Taq DNA polymerase per 25 l of reaction volume using Kocher et al. (1989) Taq buffer were used. Thermal cycling consisted of hot start (2 min at 90ЊC), 36 cycles of 50 s at 94ЊC, 2 min at 55ЊC, 1.5 min at 72ЊC, and a final 5 min at 72ЊC. MtDNA was amplified from the threonine transfer RNA (tRNA Thr ) gene downstream to the central conserved domain of the control region, using the following primers (amplification and sequencing): TCAAAGCTTACACCAGTCTTG-TAAACC ( L15926; Kocher et al. 1989) , AAGCACTTGAATGAGCTTG ( L15876 custom), and CCTGAAGTAGGAACCAGATG ( H16498; Meyer et al. 1990) .
PCR products were checked in a standard 1% agarose gel before being purified with microconcentrators or purification columns. Automated DNA sequencing was performed using ABI PRISM DyeDeoxy terminator cycle sequencing, according to manufacturer protocols. 
Data Analysis
Sequence Alignment and Variation
All sequence data were obtained by sequencing PCR products in both directions. The tRNA Thr and tRNA Pro gene sequences did not present any insertions or deletions (indels). Indels were found in the control region and their positions determined by eye. Standard measures of molecular diversity were computed for each collection site. They included (1) haplotype (h; Nei 1987, p. 179) and nucleotide (; Nei 1987, p. 256 ) diversity indices, which are equivalent to nonidentity probabilities (i.e., the probability that two randomly sampled haplotypes/nucleotides will be different), and (2) the mean number of nucleotide differences among all haplotypes in a population.
Geographic Partitioning of Genetic Variation
An analysis of molecular variance (AMO-VA) ( Excoffier et al. 1992 ) was used to analyze the partitioning of the genetic variability among the populations of Sebastes in the Southern Hemisphere. In the AMO-VA framework, fixation indices analogous to Wright's F statistics, called ⌽ statistics, are calculated based not only on the frequency of the alleles (i.e., mitochondrial haplotypes) but also on their allelic content (i.e., genetic distances), incorporated in the form of a matrix of pairwise distances ( Excoffier et al. 1992) . Genetic distances were corrected following Tamura and Nei's (1993) model of DNA evolution, conceived to model the evolution of the mitochondrial control region in hominids. The degree of genetic subdivision among the austral populations of Sebastes was analyzed according to three scenarios: (1) no genetic structure, (2) separation into two gene pools [i.e., species S. oculatus (Chile and Falkland Islands) and S. capensis ( Tristan and South Africa)], (3) separation into three gene pools: Chile, Falkland Islands, and Tristan and South Africa. For comparison with these suggested scenarios, ⌽ CT indexes were computed with all possible groupings of two or more populations. The significance of the ⌽ statistics was determined using nonparametric permutation methods. Twenty thousand permutations were performed to construct null distributions and test the significance of each index; this guarantees less than 1% difference with the exact probability 99% of the time ( Excoffier et al. 1992; Guo and Thompson 1992) .
Phylogenetic Analyses
The phylogenetic relationships of the mitochondrial haplotypes were reconstructed using maximum parsimony and minimum evolution with the test version 4.0d60 of PAUP*, written by David L. Swofford. A maximum likelihood reconstruction was carried out with the program fastDNAml (Olsen et al. 1994) . The minimum evolution method was implemented using a matrix of pairwise genetic distances corrected following Tamura and Nei's (1993) model. The phylogenetic analyses included other species of the subgenus Sebastomus, whose monophyly has found support from morphological (Chen 1971) , biochemical (Seeb 1986) , and molecular (Rocha-Olivares et al. 1999a) evidence. The following northeastern Pacific rockfishes were included: S. constellatus, S. notius, and S. lentiginosus (data from RochaOlivares et al. 1999b ). Based on analyses of mtDNA, Rocha-Olivares et al. (1999b) found that these three species belong to the evolutionary lineage within Sebastomus leading to the Southern Ocean Sebastes and that S. constellatus was the sister species of S. oculatus and S. capensis. In all phylogenetic analyses S. lentiginosus was used for outgroup-rooting of the trees.
Results
Sequence Variation in the Mitochondrial Control Region
No heteroplasmy was detected in the length or in the nucleotide sequence of the mtDNA amplified from the Southern Hemisphere rockfish. A total of 26 distinct haplotypes was identified among the 37 specimens. Two conspicuous-length polymorphisms were found. In one fish from Tristan da Cunha a 31 bp tandem repeat was detected in the 5Ј end of the control region, close to the tRNA Pro . The duplicated fragment had the sequence ( light strand) 5Ј-ACATATATGTATTATCAACATT-AATTTATAT-3Ј and was homologous to the duplications observed in S. helvomaculatus and other teleosts reported by RochaOlivares (1998) ( Figure 2) . In a fish from Chile, a 40 bp deletion was evident in the middle of the hypervariable L-domain of the control region, where most of the sequence variation was concentrated ( Figure 2) . We found a total of 47 variable sites (19 phylogenetically informative) among 538 bp included in the multiple alignment. As expected, few (three) variable sites were found in the tRNA-coding genes ( Figure 2) . As in most recently diverged sequences, the majority of the substitutions (95%) scored in all pairwise comparisons were transitions. 
Genetic Diversity and Gene Pool Subdivision
All haplotypes but one were unique to a locality ( Table 1) . Haplotype Safrica01 was shared by South Africa and the Falkland Islands. The genetic diversity indices of the populations of Tristan and S. Africa are difficult to interpret due to the small sample sizes, therefore the data were pooled for comparison with the other regions ( Table 2 ). The mean number of nucleotide differences among all haplotypes of S. capensis (8.5 bp, equivalent to 1.58% uncorrected sequence divergence) was slightly lower than those found in the populations of S. oculatus in the southeastern Pacific (12 bp ϭ 2.23% divergence) and in the southwestern Atlantic (9.31 bp ϭ 1.73% divergence) ( Table 2 ). In general the sample consisting of 10 fishes from Valparaiso, Chile, was the most genetically diverse ( Table 2 ). Significant levels of genetic differentiation were found among the populations of S. capensis and S. oculatus (⌽ ST ϭ 0.225, P Ͻ .000001) ( Table 3 ). The analysis involving two gene pools produced a significant ⌽ statistic for the populations within pools (⌽ SC ϭ 0.159, P ϭ .0003) but not among the putative pools. This hierarchical component only accounted for approximately 13% of the variance, and the magnitude of the fixation index could have been due to chance alone (P ϭ .33) ( Table  3) . When three species-specific gene pools are hypothesized, however, the ''among pools'' variance component explains more than 25% of the genetic variability and becomes highly significant (P Ͻ .000001). Among all possible combinations of two and three groups of populations (i.e., gene pools), this hypothesized scenario was the only one that yielded a significant partitioning of the genetic variance ( Table 4) . This indicates that the populations of Sebastes in the Southern Hemisphere are highly structured genetically, and three geographic regions can be identified. These are the southeastern Pacific (Chile), the southwestern Atlantic ( Falklands), and the mid-and southeastern Atlantic ( Figure 1 ).
Phylogenetic Analyses
Due to the small number of phylogenetically informative sites (19), largely exceeded by the number of haplotypes (26), 10 replicate heuristic searches with random addition of taxa produced 911 most parsimonious trees of 59 steps. The 50% majority rule consensus confirms that all but one of the austral haplotypes group in a monophyletic clade ( Figure 3A) . One haplotype found in a single individual from the Falkland Islands grouped with the sister species S. constellatus. This observation strongly supports the sister-taxon relationship, recently discovered by RochaOlivares (1998) , between the northeast Pacific starry rockfish (S. constellatus) and the species of Sebastes from the Southern Hemisphere. The strict consensus of the nine shortest trees obtained with the minimum evolution method (d ϭ 0.167; Figure  3B ) and the maximum likelihood reconstruction (Ϫln L ϭ 1370; Figure 3C) ( Figure 3) . Even though the lineages show marked affinities to localities in the southeastern Pacific and South Atlantic, they are not entirely restricted to any area and show considerable overlap ( Figure 1 ). The two oculatus lineages appear to be endemic to South America, but they occur in both the southwestern Atlantic and southeastern Pacific ( Figure 1 ). The capensis lineage is the most widespread and is found across the South Atlantic ( Figure 1 ). Even though this lineage was the only one found in Tristan da Cunha and South Africa, these locations did not share any haplotypes ( Table 1). The phylogenetic relationships of the Analyses include partitioning of the total genetic variance into populations of a panmictic species (one gene pool) as well as two and three species-specific gene pools. The two gene pools correspond to Tristan ϩ South Africa and Chile ϩ Falklands, whereas the three gene pools consist of Tristan ϩ South Africa, Chile, and Falklands. a P values were calculated from random permutation tests and they represent the probability of obtaining a variance component and ⌽ statistic as extreme as the ones observed by chance alone ( Excoffier et al. 1992 ). a P values were calculated from random permutation tests and they represent the probability of obtaining a variance component and ⌽ statistic as extreme as the ones observed by chance alone ( Excoffier et al. 1992) . The different groups are coded with the letters a, b, and c. main lineages were not consistent among the three methods of phylogenetic reconstruction. In the minimum evolution and the maximum parsimony trees, the capensis clade was placed as basal to the other two ( Figure 3A ,B). The maximum likelihood method, however, placed the Pacific oculatus lineage as ancestral. Analysis of the variable sites in the DNA sequences revealed five characters with diagnostic states for each lineage ( Table 5 ). The Pacific oculatus lineage had diagnostic guanine and cytosine residues at positions 339 and 392 of the multiple alignment, respectively, whereas the Atlantic lineage had two diagnostic guanines at positions 304 and 368 and a diagnostic thymine at position 346 ( Table 5) . If the character states shared between S. constellatus and the austral species of Sebastes are considered ancestral, the capensis clade had nine characters with ancestral states, including the five diagnostic characters mentioned above, and only two with derived states in most of the haplotypes (positions 314 and 453; Table 5 ). This observation and the phylogenetic results appear to support the position of the capensis clade as ancestral.
Discussion
This study provides the first quantitative analysis of genetic data relating to the systematic and taxonomic status of the species of Sebastes residing in the Southern Hemisphere. The mtDNA sequences revealed high levels of haplotypic diversity, of the same order of magnitude as those observed among populations of S. helvomaculatus (Rocha-Olivares and Vetter, in press). The variability along the molecule appeared slightly more constrained among haplotypes of the austral fishes, perhaps as a result of a smaller sample size. Rocha-Olivares (1998) identified a highly conserved sequence in the 5Ј end of the putative D-loop-containing region of a variety of fish taxa, suggesting that it was functionally associated with the structural D-loop. The duplication found in the mtDNA of a Southern Ocean rockfish, traceable to the same conserved orthologous fragment of the putative D-loop-containing region, supports this hypothesis. Both the population genetic (AMOVA) and the phylogenetic analyses confirmed high levels of genetic structure among populations of Sebastes in the Southern Hemisphere. These result from a high frequency of private haplotypes in the populations and from distinct evolutionary lineages in each region. Even though there is more than one species of Sebastes in the Southern Hemisphere, we applied population genetic tools to characterize them to provide a quantitative estimate of their genetic structure amenable to comparisons with other studies. Compared to intraspecific levels of genetic differentiation among populations of S. helvomaculatus (⌽ ST ϭ 0.146***, explaining 14.6% of genetic variability) (Rocha-Olivares and Vetter, in press), the divergence observed among Southern Hemisphere populations was considerably larger (⌽ ST ϭ 0.225***, explaining 22.5% of genetic variability). This is consistent with the existence of more than a single species-specific gene pool ( Table 3 ). Due to the small sample sizes, however, these results must be interpreted with caution and need confirmation with samples from additional individuals as well as localities.
An outlier haplotype was found in the Falkland Islands sample. In all phylogenetic analyses this haplotype grouped consistently with S. constellatus, the sister species of the Southern Ocean Sebastes. Although S. constellatus has a relatively Southern distribution limit in the northeast Pacific, there is no evidence that it has ever crossed the tropical Pacific to the Southern Hemisphere. Genetic exchange between the Southern Hemisphere Sebastes and the ancestors of S. constellatus must have preceded the isolation established by the tropical belt, given the coldtemperate affinities of the genus. Whether this exchange happened between well-differentiated organisms and could be considered past introgression is unknown. The small level of divergence between S. constellatus and the Southern Ocean lineages indicates recent isolation (Rocha-Olivares et al. 1999b ). Because of this recent split and subsequent expansion of the Sebastes populations after their invasion of the Southern Hemisphere, it is more likely that the outlier haplotype is the result of incomplete lineage sorting (Avise et al. 1984) . Incomplete lineage sorting has also been hypothesized to be responsible for the presence of S. ensifer-like haplotypes in Alaskan populations of S. helvomaculatus (Rocha-Olivares and Vetter, in press). Aside from this outlier, all austral haplotypes were monophyletic in our analyses, strongly supporting the hypothesis that the Southern Hemisphere was invaded once or at least by the same evolutionary lineage, ancestral to both S. constellatus and the austral Sebastes (Rocha-Olivares et al. 1999b).
There was no consensus among phylogenetic reconstructions as to which of the three sampled lineages represented the ancestral lineage. Analysis of nucleotide substitution patterns supported the position of the capensis clade, the only one found in Tristan da Cunha and South Africa, as basal. According to a scenario of dispersal from the coasts of South America via West Wind drift (e.g., Eschmeyer and Hureau 1971), a basal capensis clade might appear contradictory. Under this scenario one would predict a dominance of the ancestral stock in the southeastern Pacific, the region most likely to have been first colonized by the genus. Alternative interpretations include (1) the Pacific oculatus lineage is really basal and the capensis clade is derived, as the maximum likelihood tree suggests, (2) the capensis clade is ancestral but has been replaced in the southeastern Pacific by the more derived lineage, (3) the capensis clade is ancestral and still present in the southeastern Pacific but was not sampled. The first hypothesis can be tested with additional genetic data, particularly from slower evolving genes such as the mitochondrial cytochrome b, however, the evidence at hand appears to favor rejection of this view in favor of alternative hypotheses. Hypothesis 2 requires extinction of the capensis clade, which is highly conjectural given our limited sampling in the southeastern Pacific, hence hypothesis 3 seems the most parsimonious. Very few fishes (n ϭ 10) were analyzed from a single locality in the southeastern Pacific (i.e., Valparaiso, Chile). In this region Sebastes has a wide geographical range extending from Callao Peru (12ЊS) to Tierra del Fuego (Chen 1971) . Testing hypothesis 3 requires more extensive sampling of populations of Sebastes in the southeastern Pacific.
It has been widely recognized that gene trees, generated from a single genetic marker such as the mtDNA sequences of this study, may more or less reflect the ''true species tree.'' The degree to which gene trees can reflect species trees depends to a certain extent on the time elapsed for both genealogies to become congruent (reviewed by Avise 1994, pp. 126-138) . Rocha-Olivares (1998) hypothesized that the Chilean and South African forms of Sebastes were the product of the most recent species radiation in the subgenus Sebastomus. However, their levels of divergence were equivalent to those found among morphologically differentiated species of northeast Pacific congeners, leading to the suggestion that both southern forms represented distinct species (RochaOlivares 1998) . This study has corroborated the existence of two well-differentiated and independent mitochondrial lineages ( Figures 1 and 3 ). An additional lineage has been identified in specimens from the Falkland Islands. Phylogenetic reconstructions suggest that the two South American lineages, labeled ''oculatus lineages'' for convenience, are sister groups. Analysis of the raw data, however, indicates that there is not a single nucleotide position that joins these two lineages as monophyletic (i.e., no diagnostic synapomorphies) ( Table 5). Furthermore, the genetic distance separating American clades is greater than that separating the capensis and Pacific lineages ( Figures 1 and 3B,C) . The use of unlinked nuclear markers and larger sample sizes would provide valuable information of the genetic dynamics within and between the hypothesized gene pools, including the possibility of introgression (Seeb 1998) .
Sebastes oculatus Atlantic lineage
We have not found any data on the morphological variability of the southwestern Atlantic and Argentinean Sebastes. If the forms prove morphologically indistinguishable, these results would point to the possible existence of cryptic rockfish species off the South American coast. Based on the above and that, to our knowledge, there is no recorded description of Sebastes from Argentina and the Falkland Islands, we propose the existence of a third unnamed and undescribed species. In the absence of entire specimens we cannot comment further on this issue at present.
This study is partly consistent with the morphology-based studies of Chen (1971) and Kong Urbina (1985) . These authors proposed the synonymy of the 11 nominal species of Sebastes from the Southern Hemisphere, 10 of which were described from material collected off Peru and Chile (Chen 1971; Kong Urbina 1985) . The small sample from a single collection site available from Chile was insufficient to reliably address questions relating to the existence of more than one species of Sebastes in the region. On the other hand, neither of these works nor this study included representative samples from the southwestern Atlantic capensis lineage. Kong Urbina (1985) had a single specimen of S. capensis from South Africa, and Chen (1971) examined three specimens from Tristan da Cunha and two from South Africa; neither had material from the Falkland Islands. In his study, Chen (1971) pointed out a morphological distinction between South African and southeastern Pacific specimens, namely that in the former maxillaries were partly scaled and in the latter they were scaleless.
The remarks of Eschmeyer (1969) and Eschmeyer and Hureau (1971) -that S. capensis (Gmelin 1788) from Tristan da Cunha and South Africa and S. oculatus (Cuvier 1833) from Peru and South America to the Falkland Islands may prove to be identical-can be reconciled with our observations. Indeed, we found that the S. capensis lineage is not endemic to Tristan da Cunha and South Africa, as originally thought, but is also present in the Falkland Islands and perhaps even off the Pacific coast of South America ( Figure 1 ). Due to the eastward-dominated oceanic circulation in the region via West Wind drift, it seems very unlikely that the presence of the capensis lineage in the Falklands is due to gene flow. A remnant reproductive population of the species in this region better explains this biogeographic pattern.
In conclusion, due to the small sample sizes involved in this study, few generalizations can be made regarding the total number of species of Sebastes in the Southern Hemisphere and their geographic distribution. Nevertheless the following are significant contributions to our understanding and solution of long-standing controversies of the systematics of Sebastes in the Southern Hemisphere. This study reports for the first time the existence of significant levels of genetic differentiation among populations of Sebastes sampled across the range of the genus in the Southern Hemisphere, thus indicating limited levels of gene flow among them.
We confirm the existence of two well-differentiated lineages of Sebastes corresponding to S. capensis and S. oculatus. The S. capensis lineage is not restricted to Tristan da Cunha and South Africa; the lineage is also found in the southwestern Atlantic. This distribution as well as the pattern of nucleotide substitutions in the mtDNA indicate that S. capensis represents the ancestral lineage of the austral Sebastes. And finally, in addition to the lineages corresponding to S. oculatus and S. capensis, a third equally divergent lineage was discovered off the southwestern Atlantic (i.e., Atlantic oculatus lineage), which may be recognizable as a third undescribed austral species of Sebastes. Additional sampling will allow us to define the abundance and distribution of this previously unknown lineage and the examination of other nuclear and mitochondrial markers to examine the potential for interbreeding and the extent to which these lineages represent separate species.
